While the effects of Cx are favorable, oral administration for a long time, induces systemic, gastric and cardiovascular complications (Bombardier et al., 2000; Silverstein et al., 2000; Caldwell et al., 2006) . Other studies indicate that frequent administration of high doses of oral Cx in experimental animals, cause mononuclear infiltration, hyperplasia and degeneration in the kidney, in addition to loss of some liver functions (Koçkaya et al., 2010) .
With this background, it has been developed new strategies with decreased side effects for patients, such as the association to copolymers of lactic acid and glycolic acid (Vilos & Velasquez, 2012) . Poly lactic co-glycolic acid (PLGA) has been associated with multiple antiangiogenic agents in cancer therapies (Qi et al., 2011) , such as the Cx (Dhanda & Kompella, 2005; Amrite et al., 2006) , achieving effects mainly in decreased angiogenesis as well as decreased expression of vascular endothelial growth factor (VEGF).
For this reason, we believe that Cx microencapsulated in PLGA reduces angiogenesis and tumor growth in a mammalian cell line tumor resistant to chemotherapy such as TA3-MTXR. Previously, we have shown that 1000 ppm Cx reduces liver metastases and promotes apoptosis and decreased angiogenesis and in mice with adenocarcinoma TA3 multiresistant (Rosas et al., 2013; . Furthermore, Cx associated to PLGA, reduces angiogenesis in an in vivo model (Amrite et al.) . In this research, we evaluated angiogenic and antitumor effects of Cx microencapsulated in PLGA in the development of a tumor in a murine model of mammary adenocarcinoma tumor cells resistant to chemotherapy.
MATERIAL AND METHOD

Animal welfare
Eight week old adult (20-25 g) female A/J strain mice (n=18) (Mus musculus) were obtained from our Central Animal Facility Central Vivarium. Experimental protocols were approved by the Bioethics Committee, Faculty of Medicine, Universidad de Chile (CBA FMUCH #0498).
Tumor growth assay
The effect of 1000 ppm of Cx on in vivo growth of the TA3-MTXR murine mammary tumor cell line was assessed as described previously (Guerrero et al., 1992) . Briefly, TA3-MTXR cells come from a mammary murine carcinoma tumor cell line of ascitic growth. Methotrexate (MTX) resistance was performed by weekly passages of ascitic fluid from mice combined with increasing concentrations of MTX (0.1 to 2.5 mg/kg/48 h) until the appropriate resistance. Twelve mice were inoculated in the right lower limb area, at day 0 with 2x10 6 cells x mL tumor cells. At day 4, mice were treated: 1000 ppm of Cx (n = 6) intramuscular; 50 mg of Cx / PLGA in a concentration of 1000 ppm in sterile vehicle intramuscular (n = 6) and control (n = 6). Width and length of the tumor was measured with a digital caliper. The volume was then calculated as previously described (O'Reilly et al., 1997) . Tumor growth was assessed until 19 th day where mice were euthanized for obtaining tumor and organs samples for histological procedures. For bioethical rules the experiment need to be stopped at 19 th day.
The experiments were validated by using the Wilcoxon Signed Rank test (Graph Pad Prism 5). P values <0.05 were considered as statistically significant.
Drug preparation
Cx 200 mg (Celebra ® Pfizer © ) was diluted in destiled water at 1000 ppm concentration, as described previously by Ragel et al. (2007) . Cx / PLGA was encapsulated Celecoxib 200 mg (Celebra ® Pfizer © ) in PLGA microcapsules according to described by Ayalasomayajula & Kompella (2005) , in which an average concentration of 1000 ppm was obtained. microparticles of between 0.5 and 10 µm in diameter were obtained. Microencapsulation of the drug was conducted at the Center for the Development of Nanoscience and Nanotechnology, Universidad de Santiago, Chile.
Immunohistochemistry
Tumor was obtained at 19 th day and then fixed in a 10 % buffered formalin solution for 48 hours. Serial sections of 5 mm were obtained. In order to evaluate cell proliferation, a Rabbit Polyclonal Anti -Human Ki-67 antibody (1:500) (Novocastra, Newcastle Upon Tyne, UK) was used. Briefly, Ki-67 is a nuclear antigen associated to cel-lular proliferation. The polyclonal antibody (Novocastra, Cat#NCL-Ki67-P) binds to Ki-67 antigen in the granular components of the nucleolus during late G1, S, G2 and M phases (Garrido et al., 2010) . To detect Vascular Endothelial Growth Factor (VEGF), an Anti-VEGF165 Polyclonal Antibody (1:100) (Millipore, CA, USA) was used and then revealed by the "HistoMouse-MAX Kit" (Invitrogen, Camarillo, USA) which is based on the use of a secondary antibody conjugated with horseradish peroxidase and subsequently revealed with 3,3´-diaminobenzidine. Relative Expression was assessed with 30 microscopic fields and analyzed by Image J Software (NIH, USA). The average standard error was then calculated and applied to the tstudent test.
Evaluation of apoptosis
To evaluate DNA fragmentation (an indicator of apop-tosis), the FragELTM DNA Fragmentation Detection Kit (Calbiochem, Darmstadt, Germany) was used. This system is based on labeling fragments of DNA of apop-totic cells by using a TUNEL assay. Histological sections of tumor and lung metastasis obtained at 19 th day were assessed and apoptotic nuclei were counted in light microscope.
Microvascular density quantification
To count of blood vessels were counted at 400x in histological sections from tumors and lungs obtained at 19 th day and were stained with Arteta, as described previously (Garrido et al.) .
RESULTS
Cx decreases microvascular density in TA3-MTX-R tumor. In group 1, treated with Cx, the count in the tumor area, yielded an average of 26.55 ± 0.32 vessels / cm 2 . By studying the group inoculated Cx / PLGA, an average of 25.8 ± 0.26 vessels / cm 2 was obtained. With respect to the group inoculated with the tumor TA3-MTX-R, an average of 48.5 ± 0.28 vessels / cm 2 ( Fig.1A ) it was obtained. When comparing the results of group 1, 2 and 3 statistically significant differences (P <0.0001) they were obtained by comparing group 3 treated with Cx observing a marked decrease in vascular density in the tumor of mice treated with Cx; but there is no significant decrease when comparing both presentations of the drug ( Fig.2A , B, C). Celecoxib / PLGA decreases VEGF expression in TA3-MTX-R tumor. With respect to the results found with VEGF expression in tumor areas observed, it was possible to observe cytoplasmic labeling pattern, which predominated in tumor cells. Group 2 had a lower immunostaining compared with Groups 1 and 3 (Fig. 2D, E, F) , results were statistically significant (p <0.0001) (Fig.1B) .
Celecoxib / PLGA decreases Ki67 expression in tumor TA3-MTX-R. The cuts of groups 1, 2 and 3 showed immunostaining KI-67, which indicates that there cell proliferation in all tumor level. Group 2 presented different areas with frank tumor cells in cell proliferation activity, with a characteristic pattern of nuclear staining, these cells morphologically correspond entirely to tumor cells (Fig. 2G,  H, I ). The results indicate that cell proliferation Group 2, was lower compared to that found in Group 1 and 3, a difference that was statistically significant (p<0.0001). Having 75 % reduction of approx. the immunostaining if compared with Group 3 (Fig.1C) .
Celecoxib / PLGA increases apoptosis in tumor TA3-MTX-R. Immunohistochemical analysis of apoptosis at the level of cuts showed the presence of tumor nuclei and apoptotic bodies at different levels (Fig. 2J, K, L) . The amount of apoptotic / field presented in Group 1 26.72 ± cores was 1.003, with respect to the findings in Group 2 was 38.25 ± 1.127 finally was 0.5 ± 8.36 in the group 3 results were statistically significant (p <0.0001) (Fig. 1D) .
DISCUSSION
We propose that Cx / PLGA decreases tumor progression in a line of chemotherapy -resistant breast tumor. Furthermore, Cx / PLGA promotes apoptosis and decreased angiogenesis in the same tumor line. Among the strategies employed by tumor cells in order to perpetuate in time include evasion of apoptosis, uncontrolled cell proliferation and angiogenesis (Hanahan & Weinberg) , the latter induced bynumerous pro-angiogenic factors, one of them is the VEGF (Gavalas et al., 2013) . Considering this background, some drugs like Cx has been used in order to reduce these strategies (Dai et al., 2012) .
Our results suggest that Cx / PLGA reduces angiogenesis and proliferation and promotes apoptosis in TA3-MTXR tumor cells compared to only Cx at a concentration of 1000 ppm, similar to those reported by Dai et al. results , where there was carcinogenesis inhibition and cancer development in rats in a similar concentration. Moreover, Rosas et al. (2014) showed that Cx suppresses angiogenesis in concentrations of 500 ppm and 1000 ppm. Doses above 2000 ppm induce tissue destruction (Rosas et al., 2014) .
Cx / PLGA inhibit microvessel density in breast tumor in mice A/J, when this was compared with control and Cx-only group. It should be noted that there was no statistical significance between the Cx / PLGA and Cx-only groups. The decreased microvascular density effect is explained by the strong action of COX-2 and prostaglandins on the development of angiogenesis (Yao et al., 2011) , wherein the selective inhibitors including Cx, exhibit potent angiogenic inhibitory action.
Our immunohistochemical study showed that Cx / PLGA decreased Ki-67 and VEGF expression and increased of presence of apoptosis in TA3-MTXR tumor cells. Effects could be explained according to the previous results. It has been shown that COX-2 is overexpressed frequently in many gastrointestinal tract cancers, such as colorectal cancer, esophageal carcinoma, gastric cancer and pancreatic cancer (Ghosh et al.) . Moreover, prostaglandin E2 (PGE2), the main effector of COX-2 is associated with apoptosis inhibition, tumor growth and angiogenesis. Its overexpression is actively involved in the development of angiogenesis and inhibition of apoptosis (Wang & Dubois, 2010) . Brandão et al. (2013) reported a reduction in Ki-67 positive cells in patients with breast cancer treated with Cx. In our study, Cx / PLGA 1000 ppm decreased proliferation of murine mammary tumor resistant to chemotherapy using the same lead. The association between COX-2 activity and proliferation has been proposed previously. Wu et al. (2003) demonstrated that Cx inhibits proliferation and induces apoptosis through the way of PGE2.
It has been proposed that pro-apoptotic effect of Cx is not only mediated by inhibition of COX-2, but Cx affect the apoptotic signaling in multiple levels, such as decreased levels of expression of Mcl-1 and Survivin (Jendrossek, 2013) . Our results demonstrated that Cx / PLGA promotes apoptosis in a murine mammary tumor. Other authors describe that binding of PGs to its receptor promotes evasion of apoptosis by increasing Survivin and Bcl-2 (Konturek et al., 2006) or through inhibition of VEGF signaling pathway / VEGFR-2 / Raf-1 / MAPK / ERK (Xu et al., 2012) .
Regarding VEGF, it is the most critical factor associated to vasculogenesis, angiogenesis and lymphangiogenesis being VEGF-A an essential regulator of angiogenesis, acting primarily promoting cell division and migration in endothelial cells (Oklu et al., 2010) . Previous studies show that Cx reduces serum levels of VEGF and COX-2 (Han et al., 2014) . Our results showed that Cx / PLGA reduces VEGF production from a murine mammary tumor. Furthermore, Cx could induce VEGF expression via hypoxia -inducible factor 1alpha (HIF-1a), and cell proliferation and migration through MAPK. These mechanisms explain at least in part, the association between VEGF and COX-2 / PG. The notion that VEGF is reduced using Cx is supported by Vaish & Sanyal (2012) which defines a b-catenin relationship with COX-2 and Survivin.
In order to improve the bioavailability of drugs, it has been associated with PLGA, formulations and nano microparticles. These have been used in conjunction with multiple anti-angiogenic agents in antitumor therapy. Qi et al. used PNAS-4 human (Hpnas-4), a pro-apoptotic gene, which has the ability to inhibit tumor growth when overexpressed in tumor cells, and cisplatin in ovarian carcinoma, which brought about an increase in the induction of apoptosis, inhibition of cell proliferation and suppression of angiogenesis.
Moreover Zhang et al. (2010) studied the effects of temozolomide, drug employed in anticancer therapy in CNS tumors, microencapsulated in PLGA, together with Vetalanib inhibitor of the VEGF receptor on a orthotopic glioma model in rats, these found that combination of these drugs resulted in a decrease in tumor volume, thus improving the survival time and an increase in the number of apoptotic tumor cells and inhibition of tumor angiogenesis. Chen et al. (2012) used Docetaxel, a potent antitumor agent, used as chemotherapeutic, which was microencapsulated with PLGA, and used in the human hepatoma, where it was shown to be effective at reducing tumor angiogenic activity. Other substances have been encapsulated with PLGA in anticancer therapy. Mukerjee & Vishwanatha (2009) used curcumin loaded PLGA nanospheres, as a therapy against prostate cancer. These authors concluded that curcumin associating with PLGA nanospheres was delivered over a longer sustained time period, thus becoming a potential candidate for therapy in cell lines of prostate cancer.
Within the drugs used in antiangiogenic therapy is Cx which has been occupied for assessing decreased angiogenesis in ocular vascular pathologies, which has seen a decrease in vascularity (Amrite et al.) . Similar results to those seen by Dhanda & Kompella, which have reported that the use of Cx microencapsulated in PLGA significantly decreased VEGF levels, when administered at the level of the trachea, a model of pulmonary tumor. These results would indicate that the presence of the particles help improve drug levels in tumor level, allowing this to be released for longer, improving local response. Other studies indicate a reduction in liver metastasis (Roa et al., 2015) and lung, as well as the microvasculature (Roa et al., 2016) was used when Cx / PLGA in strain AJ versus Cx.
Multiple drugs among them Cx associated with PLGA or other type of polymer are feasible route of administration as they may reduce the frequency of administration, leading to greater tolerance by the patient; and an increased benefit due to the elimination of fluctuations in serum drug levels (Rafiei & Haddadi, 2017) . The potential decrease in the total dose required for treatment, due to greater efficiency in the utilization of the administered dose and the potential reduction of adverse effects as it decreases the magnitude of the amount of drug released into the body at the time application (Saez et al., 2007) , as well as the decrease in recurrence of tumors, are its main advantages . All this added to the PLGA safety when administered in different tissues such as salivary glands (Cantín et al., 2013) , or muscle tissue, (Acuña et al., 2011) , which makes it a favorable environment for such partnerships biomaterial.
CONCLUSION
Cx reduces tumor progression in a concentration of 1000 ppm associated with PLGA, reducing cell proliferation, the presence of VEGF and promoting apoptosis of multiresistant TA3 tumor cells. Antiangiogenic and antitumor effects of Cx are correlated with their activity in other tumor cell lines, suggesting that prostaglandins (PGs) and VEGF production are involved. Cx associated to PLGA proves lowering drug tumor progression, and it is currently used in the treatment of some cancers, associated with other drugs.
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RESUMEN:
Si bien actualmente se han desarrollado terapias antineoplásicas que permiten reducir de cierta manera el avance tumoral, es necesario buscar nuevas alternativas terapéuticas que permitan suprimir la angiogénesis. Es así como el Celecoxib (Cx) ha sido utilizado por su acción antiangiogénica en combinación con algunos compuestos poliméricos, tal como el ácido poli (láctico co-glicólico) (PLGA), el cual ayudaría a mejorar la biodisponibilidad y evitaría efectos derivados de largas administraciones del fármaco. Para tal efecto se ha utilizado un modelo tumoral murino, inducido por células tumorales de adenocarcinoma mamario resistente a la quimioterapia (TA3-MTXR). Los resultados indican que CX/PLGA inhibe la microvascularización, expresión de VEGF y la proliferación celular además del aumento de la apoptosis (P<0,0001). El efecto antitumoral del Cx está bien reportado en la literatura; este sumado a la microencapsulación con PLGA, aportarían un sistema de administración útil, ya que nos otorga una administración sostenida en el tiempo, los cual podría ayudar a mantener los niveles de droga durante un período más prolongado, lo cual sería beneficioso en la terapia tumoral.
PALABRAS CLAVE: Angiogenesis; Cáncer; Celecoxib; PLGA; Apoptosis; VEGF; Proliferación celular.
